Studies have shown that osteoarthritis (OA) is highly associated with obesity, and individuals clinically defined as obese (BMI > 30.0 kg/m 2 ) are four times more likely to have knee OA over the general population. The purpose of this research was to examine if isolated weight loss improved knee symptoms in patients with osteoarthritis. Adult patients (n = 24; age 18-70; BMI > 35 kg/m 2 ) with clinical and radiographic evidence of knee OA participated in a one-year trial in which WOMAC and KOOS surveys were administered at a presurgery baseline and six and twelve months postsurgery. Statistical analysis was performed using Student's t and Wilcoxon Signed Rank tests. Weight loss six and twelve months following bariatric surgery was statistically significant (P < 0.05) compared to presurgery measurements. All variables from both KOOS and WOMAC assessments were significantly improved (P < 0.05) when compared to baseline. Isolated weight loss occurring via bariatric surgery resulted in statistically significant improvement in patient's knee arthritis symptoms at both six and twelve months. Further research will need to be done to determine if symptom relief continues over time, and if the benefits are also applicable to individuals with symptomatic knee arthritis that are overweight but not obese.
Introduction
Osteoarthritis (OA) of the knee is one of the five leading causes of disability among elderly men and women in the United States [1] . In 2008, an estimated 36 million ambulatory care visits were reported due to knee-related complaints [2] , while from 1995-2005 the number of individuals with OA increased by approximately six million. Kotlarz et al. estimated the combined insurer and out-of-pocket healthcare expenditures of OA to be $185 billion [3] .
Obesity is one of the leading risk factors for the development of knee OA, and population studies show that the increased incidence of obesity in the USA has correlated with a similar rise in knee osteoarthritis. In 2005-2006 more than 33% of the USA population was obese [4, 5] , a dramatic increase from 1980 when estimates were near 15%. Individuals clinically defined as obese (BMI > 30.0 kg/m 2 ) are four times more likely to have knee OA than those with a BMI < 25.0 kg/m 2 [6] . Even at the upper level of a normal BMI, (22) (23) (24) (25) kg/m 2 ), there has been shown to be an increased risk in developing medial compartment and patellofemoral knee OA [7] .
Although it has been well established that obesity and being overweight are risk factors for the development of 2 Arthritis osteoarthritis, the literature is sparse when investigating the impact of weight loss on arthritis symptoms. Messier et al. used various combinations of diet and exercise as weight loss approaches to investigate the impact of weight reduction on knee pain and found that although neither diet nor exercise alone significantly improved knee pain, the two together did produce significant improvements [8] . Christensen et al. reported improved knee pain and function in patients who lost 10% of their body weight [9] . Based on published material, weight loss via diet and exercise produces significant improvements in knee pain and physical function, but the question of whether the hypocaloric diet or the exercise regimen is the most influential in producing the improvements on knee pain, to the best of our knowledge, remains unanswered.
We hypothesized that weight reduction, via bariatric surgery and in the absence of any other arthritis treatment, would result in significant improvements in the symptoms associated with knee arthritis. Bariatric surgery allows weight loss to occur independently from potentially confounding variables involved in diet and exercise and we believed would give us a more accurate depiction of the effects of weight loss on knee pain and related functions.
Methods

Study Participants.
After receiving institutional IRB approval, potential study candidates were identified by one of the investigators (AMR) who would be performing the bariatric surgery. Inclusion criteria for bariatric surgery included being between the age of 18 and 70, having a body mass index (BMI) of at least 35 kg/m 2 , and passing a psychological evaluation. Potential participants were then screened for symptoms of knee arthritis of greater than oneyear duration utilizing the Western Ontario and McMaster Universities (WOMAC) Index of Osteoarthritis. Those that reported at least intermittent knee pain for the prior 12-month period and had a WOMAC pain score between 3 and 7 were then asked to be evaluated by an orthopaedic physician and have X-rays taken of their knees. Standing AP, LAT, and Merchant radiographs were used to evaluate the knee for the presence of osteoarthritis. A board certified radiologist scored the degree of arthritis present on X-ray using the Kellgren and Lawrence scoring system [10] . In this radiographic classification system, a score of 0 indicates normal X-rays, 1 signifies minute osteophytes of doubtful clinical significance, 2 indicates definite osteophytes with unimpaired joint space, while 3 and 4 also demonstrate moderate joint space narrowing (3) and severe joint space narrowing and subchondral sclerosis (4) . A physical exam was conducted by an orthopaedic surgeon. Only individuals with both clinical and radiographic evidence of knee osteoarthritis were allowed to participate in the study (n = 24).
Individuals were excluded from the study if they were unwilling to have X-rays taken of their knees or be examined by a physician. Finally, the subset of patients who have had previous total knee arthroplasty who were currently taking prescription nonsteroidal anti-inflammatory medications for pain or receiving viscosupplementation or corticosteroid injections were excluded from the study. Patients using other oral pain relieving medications such as acetaminophen were not excluded from the study as they have not been shown to have a direct physiologic effect on knee arthritis.
Study Design.
The two health status measurement questionnaires used in this study were the Western Ontario and McMaster Universities (WOMAC) Index of Osteoarthritis and the Knee Osteoarthritis Outcome Score (KOOS). Both methods have been previously validated in the literature [11] [12] [13] . The WOMAC is a self-administered survey which specifically targets symptoms of pain, stiffness, and physical function. It consists of 24 questions (5 pain, 2 stiffness, and 17 physical function). The KOOS is a similar instrument which was intended to be used to assess the development or progression of knee osteoarthritis. It consists of five subscales including pain and other symptoms associated with arthritis, function in daily living and recreation, and quality of life. Each study participant completed WOMAC and KOOS surveys prior to their bariatric surgery as a baseline measurement of knee pain and disability. Repeat questionnaires were mailed to study participants six and twelve months after surgery which were completed and returned in a prepaid envelope. Format used for scoring in both KOOS and WOMAC was 100 mm visual analogue.
Three bariatric surgery techniques were used on study participants. Eighteen patients had roux-en-Y gastric bypass surgery performed, four patients underwent Realize Band placement, and one had a sleeve gastrectomy. Patient body weight was recorded prior to surgery and at regular intervals after. Patient weights at six and twelve months postsurgery were used in this study. The same weight measurement scale was used for all patient visits, and the device was calibrated on regular intervals. At each interval, BMI was calculated based on patient height and weight.
Statistical Analysis.
Paired statistical tests were applied on the data collected in order to detect a change in the WOMAC and KOOS scores from baseline to six and twelve months. Statistical analysis was performed using data from all subjects. Student's t test and Wilcoxon Signed Rank tests were used to determine the P values. Correlation analysis using the CORR procedure was done to compare changes in weight and Body Mass Index to changes in KOOS and WOMAC scores. The analyses were completed using the SAS System ("Local", XP PRO).
Results
Between September 2008 and May 2009, 54 patients were scheduled for bariatric surgery by one of the coinvestigators. Thirty patients were excluded as they did not meet inclusion criteria, while 24 met criteria and agreed to participate.
The degree of osteoarthritis present in the knee for all patients was measured radiographically using the Kellgren and Lawrence scoring system [10] . The average score for the right knee was 1.89, and the average score for the left was 1.85.
The mean preoperative weight of the patients was 117.7 kg, and the average weight loss per patient was 25.9 kg (P < 0.0001) at 6 months postsurgery and 32.4 kg (P < 0.0001) at 12 months ( Figure 1 ). The average change in BMI was −9.60 (P < 0.0001) at 6 months and −12.6 (P < 0.0001) at 12 months ( Figure 2 ). There was one study participant who gained weight following the procedure (112.7 to 115 kg). There were three other study participants who lost minimal weight. One patient lost 3.2 kg from 87.7 to 84.5 kg while another lost 3.6 kg from 115 to 111.4 kg. The third individual decreased from 143.6 to 137.3 kg, a loss of 6.4 kg. All 4 of the individuals not losing a significant amount of weight had undergone Realize Band placement and were felt by us to have an unsuccessful surgical outcome. WOMAC scores for all participants were compared at baseline and at 6 and 12 months postsurgery. The change from baseline showed significant improvement (P < 0.05) in all variables measured including pain, stiffness, and physical function. Figure 3 shows the change in WOMAC variables from baseline to 12 months postsurgery.
Findings with the KOOS scores were similar. There was a significant improvement (P < 0.05) in all categories measured including pain, stiffness, other symptoms, activities of daily living, sports, and quality of life. Figure 4 shows the change from baseline across all variables. Refer to Tables 1  and 2 for statistical analysis including mean, median, and first/third quartiles for WOMAC and KOOS scores comparing baseline to 6 and 12 months postsurgery.
In order to investigate the relationship between changes in weight and BMI to changes in KOOS and WOMAC scores, a Pearson Correlation analysis was performed which showed a positive correlation between all variables (see Table 3 ).
Discussion
We have demonstrated that isolated weight loss occurring via bariatric surgery has resulted in statistically significant improvement in patient's knee arthritis symptoms at both six and twelve months following bariatric surgery. Pain, stiffness, and physical function were knee specific parameters and showed marked improvement. Other factors such as quality of life, activities of daily living, and sports activities also showed highly significant improvements.
Pearson correlation analysis shows positive correlation between changes in KOOS/WOMAC scores and change in weight/BMI. This demonstrates that there is a trend towards weight loss being directly linked with improvement in knee OA symptoms in the absence of other variables. Small sample size and one-year followup make achieving statistical significance difficult to achieve with a correlation analysis. The current treatment recommendations for knee arthritis according to the OA Research Society International (OARSI) include more than 50 different treatment modalities, most of which are conservative in nature. Only after the failure of conservative management should surgical intervention be pursued. Zhang et al. reviewed various nonsurgical treatment modalities including NSAIDs, physical therapy, bracing, steroid injections, viscosupplementation, and weight reduction. They showed that weight reduction can significantly improve symptoms related to knee arthritis. Most of the studies included in this paper looked at weight loss in combination with other confounding variables such as NSAIDs and steroid injections [14] .
While other research has been done to determine if weight loss in combination with other treatments can improve knee pain, we believe that the current study is one of the few to demonstrate that weight loss, by itself, results in significant improvement in knee pain and stiffness in patients with radiographic evidence of arthritis.
Messier et al. evaluated 252 obese and overweight patients over the age of 60 who had knee pain and radiographic evidence of knee OA over a period of 18 months [8] . Patients were randomized into either diet alone, exercise alone, diet and exercise, or healthy lifestyle groups (control).
They found that diet and exercise together resulted in significant overall improvements in knee pain according to the WOMAC, whereas diet alone and exercise alone did not produce significant improvements in knee pain [8] .
Christensen et al. studied the effects of isolated weight loss on knee pain using a low-energy diet, 3.4 MJ/day, as their only form of caloric intake [9] . Using the WOMAC, Christensen found that the total WOMAC score, pain score, and physical function subscale were significantly improved. The study concluded that in patients with knee OA, a weight reduction of 10% improved physical function by 28% [9] .
Miller et al. evaluated 87 obese patients over the age of 60 with knee pain and difficulty with daily activities. They were treated with a 1000 kcal/day diet and an intense physical exercise program over a period of six months. They reported that all subscales from the WOMAC (pain, stiffness, and physical function) had significant improvement from baseline (P < 0.05) [4] . However, physical exam diagnosis and X-ray confirmation of knee OA were not utilized in their investigation, making it difficult to determine if the improvements they were finding were actually in patients with knee OA.
Hooper et al. evaluated 48 obese individuals greater than 35 years of age who had a history of knee pain and physical findings suggestive of OA [7] . The combination of bariatric surgery weight loss and 30 minutes of physical activity three Row one for each parameter shows the pearson correlation Coefficient. Row two is Rho > r under HO: Rho = 0. There was n = 21 at 6 months and n = 18 at 12 months. days a week were utilized to investigate changes in knee pain. Their results showed significant improvement in all categories of WOMAC and Short Form 36 (P < 0.05) [7] . OA was not radiographically confirmed, and weight loss was not an independent factor as both bariatric surgery and exercise were used in the protocol. Peltonen et al. compared 1135 random samples from the general population to 6325 obese individuals from the Swedish obese subjects (SOSs) study with regard to musculoskeletal pain including knee pain [15] . Patients were included if they had pain that periodically restricted their working capacity during the past 12 months. Obese individuals treated with gastric banding, vertical banded gastroplasty, or gastric bypass were found to have greater knee pain reduction compared to individuals treated with conservative weight loss and to weight neutral controls. Drawbacks to this study included the lack of clinical and radiographic evidence of knee osteoarthritis and lack of standardized pain questionnaires (i.e., WOMAC, KOOS, and Short Form) used to quantify the knee pain.
We believe that exercise is an important part of health and can contribute to weight loss efforts, but our results suggest that weight loss, independent of other factors such as diet and exercise, is most likely the underlying factor responsible for the statistically significant improvement in knee pain and related symptoms.
The current first-line treatment approach for patients with knee OA includes modification of activity, over the counter analgesics, prescription anti-inflammatory medications (NSAIDs), cortisone injections and viscosupplementation, arthroscopy, and knee arthroplasty. While NSAIDs have been shown to temporarily relieve the pain and swelling associated with OA, there are several negative side-effects related to NSAID use. The most common side-effect of NSAID use has been gastrointestinal upset with daily symptoms occurring in 16% of individuals according to Laine [16] . Studies have also found that long-term NSAID use has been associated with emergency department visits secondary to upper gastrointestinal problems [17] . Hospital records confirm nearly 65,000 admissions each year in the United Kingdom for upper GI-related symptoms and attribute 12,000 of those admissions to NSAID use (including 2,230 deaths) [17] [18] [19] . In hope of reducing gastrointestinal sideeffects, the COX-2 inhibitor class of NSAIDs has been used extensively for the treatment of OA since their introduction to the USA in 1997. This is evidenced by the rise in total spending on COX-2 inhibitors from zero in 1997 to $5.5 billion in 2003 [20] . However, increased risk of myocardial infarction was linked to specific COX-2 inhibitors [21] , while other NSAIDs have been shown to cause blood pressure elevation compared with placebo [22] .
Intraarticular hyaluronate (IAH) or viscosupplementation has been shown to benefit many patients with symptomatic knee OA and has become an increasingly popular treatment for those with knee OA [23, 24] . The American College of Rheumatology recommends using viscosupplementation when other nonsurgical therapies such as physical therapy and analgesics have failed or when NSAIDs are contraindicated. Watterson estimates that a series of injections can cost $500 per knee [24] .
Although the role of arthroscopy in the treatment of patients with knee arthritis is controversial, it has been reported to be the most common surgery performed for knee OA. Moseley stated that over 650,000 arthroscopic lavage or debridement procedures occur each year in the USA for patients when medical therapy fails to provide adequate pain relief for knee arthritis. The average expense per knee arthroscopy reported was $5,000 [25] .
The number of knee arthroplasty procedures has been increasing in the United States. Utilizing National Inpatient Sample Data from 1990 to 2003 and United States Census Bureau data, Kurtz et al. estimate that by 2030 there will be an expected 670% increase in the number of TKRs performed [26] . In 2005 there were almost 500,000 TKRs performed in the USA, with an annual expenditure surpassing $11 billion [6] .
According to the NIH, weight loss surgery has an average per patient cost of $12,000 and $35,000. More work will need to be done in order to determine the cost effectiveness of weight loss surgery over the current treatment modalities for knee arthritis.
Conclusions
The need for cost containment in the American health care system has been discussed for decades. This study evaluates a specific group of obese individuals that are undergoing bariatric surgery. There are many other patients that are overweight and obese but not candidates for this procedure. The obesity epidemic is certainly multifactorial in etiology. Although commercial payers in central Pennsylvania will provide coverage for medications, injections, arthroscopy, and knee arthroplasty, they do not routinely provide financial coverage for meaningful nutritional counseling. We believe this is a major gap in our treatment of this condition, and we hope to pursue this further in another investigation. We believe comparison can be drawn to our treatment algorithm for patients with osteoporosis and fragility fractures. When a patient is known to have low bone mass, we realize that they are at risk for the development of a fragility fracture, and via medication and exercise treat the osteoporosis. Yet when overweight or obese patients present with symptomatic knee arthritis we typically treat the arthritis but not the underlying disease. We believe that rectifying this approach can play a meaningful role in joint health in the years ahead, while at the same time improving the overall health of the patient and potentially saving health care dollars in the future.
In summary, we have shown that patients with symptomatic knee arthritis who undergo bariatric surgery show improvement in knee pain and other symptoms as reported in KOOS and WOMAC questionnaires. We believe it will be important to follow them on a longer term basis to see if their symptom improvement continues over time. Finally, future research on this topic should focus on the effects of weight loss in not only the obese but overweight individuals (BMI = 25-29.9).
